The contemporary tectonic stress field in China is obtained on the basis of Chinese stress field database and Harvard CMT catalogue. Result of the inverted tectonic stresses shows that the maximum principal stress axis strikes nearly north-south direction in the west part of Tibet plateau, ENE direction in North China. In Central China, its strikes show a radiated pattern, i.e., NNE in north part and NNW in south part. The detailed stress field parameters of nearly whole China are given and can be used in geodynamic stress field simulation and earthquake prediction.
Introduction
Study of tectonic stress field, a major branch of Earth science, plays an important role in the studies of geodynamics. The World Stress Map Plan started in 1980s was led by M. L. Zoback. Lots of scientists participated in this plan. The plan collected global tectonic stress measurements and research results to establish global stress database. The world stress map was edited based on the global stress database. The world stress map reflects feature of global lithosphere stress field both in total and in subareas, and thus can explain the tectonic stress interaction in lithosphere (Zoback, 1992) .
Tectonic stress field study has achieved significant development in China. In the early of 1970s, Li et al (1973) studied the stress field near a seismic station by synthetic first motion pattern of multi earthquakes (Aki, 1966) . Xu et al (1983) extended this idea to stress determination by using multi-micro-earthquake and multi-station, further applied it to North China area. This method was also used to determine the tectonic stress field around Ordos block (Xue and Yan, 1984) , East China (Wang and Xu, 1985) and Southwest China (Xu et al, 1987) . Xu et al (1992) obtained the fundamental features of stress field in Chinese mainland by summarizing the stress field directions of previous studies, which reflects the close relationship between the motion of each block and that of the adjacent blocks. According to focal mechanism data and deep hole breakouts, Xu (2001) gave the present-day tectonic stress map for eastern Asia region. The maps of orientation of principal stress axes show that, apart from the strong influence of the collision between the Indian plate and the Eurasian plate, the present-day tectonic stress in eastern Asia is significantly affected by the back-arc extension of the subduction zones. The joint effect of the continental collision at Himalaya arc and back-arc extension in Myanmar arc region may be responsible for the remarkable rotation of principal stress orientations in southeastern part of Tibet plateau.
Another stress field determination method is using fault slip data and focal mechanism data (Angelier, 1979; Gephart and Forsyth, 1984; Michael, 1987) . Based on stress determination method of Angelier (1979) , Xu and Ge (1984) improved it and applied it to the 1931 M8.0 Fuyun, Xinjiang, earthquake. Using the similar method, the tectonic stress field in Southwest China (Xie et al, 1993; Cui and Xie, 1999) and in Guangdong and its adjacent areas (Kang et al, 2008) have been obtained. By using focal mechanism data in Chinese mainland, Du and Shao (1999) derived the tectonic stress field and principal stress ratio.
Nevertheless, neither Xu et al (1992) nor Du and Shao (1999) could cover their stress analysis on the whole China. For example, their stress analysis did not cover most of Tarim basin, Ningxia Hui autonomous region, most part of Inner Mongolia autonomous region, Hubei and Hunan provinces, etc. However, the tectonic stress field in whole China is needed in some geodynamic and earthquake prediction study. For example, the load/unload response ratio method used to earthquake prediction needs to know the tectonic stress field in advance (Peng et al, 2000; Wan, 2004) . In recent years, accumulation of stress measurement, fault slip measurement and focal mechanism data, especially establishment of crustal stress database in China and its adjacent areas (Xie et al, 2003) , lays a solid foundation for the study on determination of Chinese tectonic stress field. By using this database, Xie et al (2004) summarized the fundamental features of Chinese tectonic stress field and divided the Chinese mainland into different tectonic stress blocks. In this study, we will divide the whole China into 2°×2° subregions and determine the tectonic stress direction and stress ratio in each subregion by using this database and CMT catalogue from 1976 to 2005.
Tectonic stress inversion method
Studying the state of stress in the Earth's crust and upper mantle is helpful in understanding plate motion and regional deformation (Hardebeck and Hauksson, 2001) . Earthquake focal mechanisms are indicators of stress; thus, we will use earthquake focal mechanisms to detect stress state that cannot be directly measured. Several authors have proposed methods to determine orientations of stress axes of seismotectonic regime in spite of complicated tectonic settings (e.g., Gephart and Forsyth, 1984; Michael, 1984; Angelier, 1989; Horiuchi et al, 1995) . For tectonic stress inversion is a nonlinear problem, Michael's method linearly determines the stress tensor by using least squares method and has a probability to trap in local minimum. So, in this paper, the focal mechanism stress inversion (short for FMSI) (Gephart and Forsyth, 1984) program by grid searching stress field parameters is used to determine the orientations of principal stress axes in China.
FMSI method has three basic assumptions (Gephart and Forsyth, 1984; Gephart, 1990) : 1 slip on the fault plane occurs in the direction of resolved shear stress, 2 stress orientation is uniform in the calculated area, and 3 earthquakes are shear dislocations and can occur on preexisting faults. The FMSI method uses a grid search over stress field parameter space to find the best-fitting model that minimizes the average of the individual misfits between possible models and real data (Gephart and Forsyth, 1984; Gephart, 1990) .
In FMSI, the individual misfit calculated for each earthquake is defined as the least rotation angle about any axis of general orientation which is needed to match the observed slip direction with one consistent with a given stress model (Gephart and Forsyth, 1984) . We obtained the azimuths and plunges of three principal stresses axes σ 1 , σ 2 and σ 3 (σ 1 ≥σ 2 ≥σ 3 ) and the ratio R= (σ 2 −σ 1 )/(σ 3 −σ 1 ) (0≤R≤1) by the best-fitting model. This may help us to distinguish the stress filed type.
There are four stress parameters (σ 1 , σ 2 , σ 3 and R) in the FMSI inversion algorithm, and the minimum number of events used to inversion is four. Moreover, diverse data set can give better constrains to find out the suitable stress tensor orientation. For above reasons, we used all the earthquake focal mechanisms within each data set to obtain an average local stress field without separating fault types in a region.
The procedure of FMSI to determine best-fitting stress model is as follows. We first perform a coarse initial grid search (with 10° spacing in stress orientations) covering the whole range of possible models for each data set by the approximate FMSI method (short for FMSIA, Gephart, 1990) . We then take the best resulting stress model as a starting model to perform a fine grid search (with 5° spacing in stress orientations) by the exact FMSI method (short for FMSIE, Gephart, 1990) .
In FMSI, the size of the average misfit corresponding to the best fitting stress model could be an indicator of the homogeneity degree of stress. According to a series of tests carried out by Wyss et al (1992) and Gillard et al (1996) , for the real earthquake, focal mechanisms with errors of 15° (average of the uncertainties in strike, dip and rake) cannot obtain the average misfit of the stress inversion larger than 6°, thus the average misfit smaller than 6° may represent a homogeneous stress field. In contrast, the average misfit larger than 9° could be attributed to heterogeneity of stress. In the case of average misfit in the range between 6° and 9°, the stress solution is acceptable, but may reflect some heterogeneity (e.g., Wyss and Lu, 1995; Lu et al, 1997) .
Data
The data used in Chinese tectonic field determination include: 1 918 focal mechanism data from 1920 to 2003 determined by Chinese scholars, 2 240 fault stria-tion data from Quaternary fault slip measurements, 3 72 stress relief data with all three axis directions at measured depth range of 50-363 m, and 4 7 hydraulic fracturing stress data with all three axis directions at measured depth range from 400 m to 1 620 m. All the above data are from database of crustal stress in China and its adjacent areas (Xie et al, 2003) . We also search the focal mechanism data from Harvard CMT solutions for the earthquakes in 1976-2005, which are not overlapped with the 918 focal mechanism data during 1920-2003 (Xie et al, 2003) .
We divide the whole China into 2°×2° grids. In order to cover the whole study region and get the smoothing stress field, we select the data within the square areas of 5°×5° with the center of grid point. The stress field is smoothed by repeated selection of the focal mechanism data at different grid point, which looks more reasonable for stress field continuation. For the crust stress field has a probability different from the mantle stress field, we only select the data with depth less than 60 km. We cannot invert stress field in the areas less than four focal mechanism data, and use the stress direction determined by composite focal mechanism solution of Wang and Xu (1985) instead (Figures 1 and 2 quivers without color filled).
Results
Basing on the data above mentioned, we get the stress field nearly covering the whole China (Figures 1  and 2 ) by the stress field determination method (Gephart and Forsyth, 1984; Gephart, 1990 ) and the results are listed in Table 1 . From Figure 1 , we can see that the bigger misfit angles are distributed in east part of Tibet plateau, Tianshan and its west area, Taiwan and south-east costal region of China, showing larger heterogeneity of stress field (e.g., Wyss and Lu, 1995; Lu and Wyss, 1996; Lu et al, 1997) . But the continuity of stress field with other areas shows the overall pattern may be accepted. From Figure 2 , we can see larger number of focal mechanisms used in the inversion in Taiwan region, south-east coastal region of China, west to Tianshan region and central region of the Tibet plateau, which shows more constraint to these stress field results. Most of σ 1 and σ 3 axes are horizontal (Figures 1  and 2 ), indicating that the seismotectonic deformation takes place primarily through strike-slip faulting. The continuous σ 1 and σ 3 direction showing the stress field in China and its adjacent areas has the same source which is driven by the northward indentation of the Indian plate, and subduction of the Pacific ocean plate under the Eurasia plate. The western part, i.e., Tibetan plateau, undergoes north-south compression and east-west extension, and this trend extends to Xinjiang area. The σ 1 direction appears to curve sharply in the eastern end of Himalaya arc, showing some eddylike feature to the south of the Assam wedge (Figure 1) . The principal stress axes show a relatively uniform radial pattern. That is, the compressive horizontal stress trajectories radiate from Tibet plateau to the northern, eastern, and southeastern parts of the mainland (Figure 1) . The inferred extensional stress directions lie along arcs convex outward from the plateau (Figure 2 ). Despite inevitable local variations, which are often indistinguishable from the error in stress axis estimation, this overall pattern is schematically expressed in Figure 1 by horizontal stress trajectories.
In central part of Tibet plateau, there are relative vertical σ 1 axes, horizontal σ 3 axes in east-west direction. This may be caused by the extension of this region and be validated by more lakes in this area. In the North-South Seismic Zones, we can see that the stress direction changes sharply, which indicates a dividing line of the stress field in this area.
